UNITED STATES OF AMERICA 



TO WHOM IT MAY CONCERN: 



BE IT KNOWN THAT Salvatore MELIS 

of Corso Francia 72 

1-10093 COLLEGNO (Torino) Italy 

has invented certain new and useful improvements in and relating to: "A unit for the servo- 
assisted operation of a motor-vehicle gearbox" of which the following is a specification. 
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DESCRIPTION 

The present invention relates in general to motor-vehicle 
gearbox operating units. 

A "gearbox operating unit" is intended to define the set of 
devices which enables a transmission ratio or gear for the 
movement of the vehicle to be engaged on the basis of a 
manual operation or of a drive setting set by the driver of 
the vehicle. 

In mechanical gearboxes, the desired ratio or gear is 
engaged by controlling the positions of a pair of levers 
which project from the gearbox and by means of which it is 
possible to alter the configuration of the transmission 
members disposed therein. Each of the two levers is intended 
to be affected by one of the two movements into which the 
movement of the gearshift lever is broken down, which are 
known as the selection and engagement movements, and the 
various combinations of which define a particular 
transmission ratio of the gearbox. 

Most commonly, gearbox operating units are entirely 
mechanical. In this case, the driver of the vehicle can 
engage a gear of the gearbox by operating a gearshift lever 
which is disposed in the passenger compartment of the 
vehicle and is thus remote from the gearbox, and is 
connected, by means of a pair of movable mechanical 
elements, to the levers which project from the gearbox 
casing. These mechanical elements may be rigid or flexible. 
In the latter case, they are constituted by "push-pull" 
cables, that is, cables of the type comprising an operating 
cable mounted for sliding inside a sheath. In any case, 
these movable mechanical elements transmit the movement of 
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the gearshift lever to the operating levers which project 
from the gearbox casing. 

However, mechanical gearbox operating units have some 
disadvantages. For example, the length of the gearshift 
lever has to be such as to enable the engagement of the 
various gears to be controlled as a result of the 
application of moderate forces by the driver of the vehicle, 
and the gearshift lever may therefore be quite bulky. 
Moreover, because of the working temperatures and because 
the elements of the system, that is, the movable mechanical 
elements and the various elements associated therewith, such 
as reaction brackets, bushes and sealing rings, can yield 
resiliently, the travels which have to be imparted to the 
gearshift lever in order to bring about correct engagement 
of transmission ratios of the gearbox are generally greater 
than the theoretical travels and are not constant. 
Moreover, if the movable mechanical elements are formed by 
push-pull cables, owing to the clearance between the sliding 
cables and their sheaths, the gearshift lever may vibrate, 
generating noise, in certain operating conditions of the 
engine of the vehicle. 

Automatic or servo-assisted units for operating a mechanical 
gearbox are also known; in these units the gearshift lever 
does not transmit the forces necessary for the engagement of 
the various transmission ratios directly and mechanically, 
but allows to control the operating conditions of hydraulic 
and/or electric actuators, for example, solenoid valves 
which provoke the movement of the operating levers 
projecting from the gearbox. In this case, the actuator 
devices are usually arranged on top of the gearbox so as to 
be able to interact with these operating levers directly. 
In particular, the hydraulic and/or electric actuators are 
controlled by means of a central control unit which is 
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normally also disposed adjacent the actuator unit and thus 
also on the gearbox casing. 

Known servo- assisted gearbox operating units provide for 
various ways of moving the gearshift lever. In particular, 
it is possible to have operating patterns in which the 
gearshift lever can move substantially along a straight path 
along which a plurality of positions are defined, each 
position corresponding to a different type of control of the 
gearbox. In some cases, in addition to following the usual 
rectilinear movement, the gearshift lever can also move 
transversely relative thereto, in a predetermined position, 
in order to select a so-called sequential mode of operation 
comprising two positions which are opposed relative to a 
neutral position and each of which corresponds to an 
increase or a decrease of a transmission ratio of the 
gearbox. As an alternative to the sequential-operation 
section, there may be an operating section which provides 
for several positions arranged in a grid simulating the 
positions corresponding to the gears of a conventional 
mechanical control . 

Moreover, in some servo-assisted operating units, push- 
buttons are provided in addition to the lever control, and 
may be positioned, for example, on the dashboard, for 
selecting particular gearbox- control modes, or on the 
steering wheel, for example, as a pair of push-buttons 
enabling the driver of the vehicle to impart a sequential 
control, one push-button corresponding to an increase of a 
transmission ratio, whilst the other corresponds to a 
decrease of a transmission ratio. 

More specifically, the invention relates to a unit for the 
servo-assisted operation of a motor-vehicle gearbox having a 
pair of mechanical operating members for selection and 
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engagement, respectively, the combined movement of which 
allows to bring about the engagement of one of the 
transmission ratios of the gearbox, the unit comprising 
actuator means which can control the combined movement of 
the mechanical operating members in dependence on the 
position of remote gearshift control means. 

However, servo-assisted gearboxes of the type mentioned 
above have the disadvantage that gear selection, that is, 
the engagement of the gears, is entrusted wholly or at least 
partially to an electronic control unit which generally 
takes away from the driver the sensation of direct control 
of the operation of the gearbox, thus depriving him of the 
pleasure of controlling the vehicle directly. 

Moreover, in known servo-assisted gearboxes, the fact that 
the gearbox actuator devices are arranged inside the engine 
compartment necessitates the provision of space in which to 
locate them. This generally constitutes a problem since the 
space available in the engine compartments of motor vehicles 
produced at the moment is very small. Moreover, the engine 
compartment is in any case a hostile environment with regard 
to the installation of electrical and/or electronic devices 
because of the high temperatures which are reached in this 
compartment, due to the fact that aggressive substances such 
as liquids and gases are present therein, and since the 
devices present in this compartment are subject to 
mechanical stresses due to vibration of the systems which 
the compartment contains . 

For these reasons, it is necessary to provide special 
protection for the gearbox actuator devices when they have 
to be disposed in the engine compartment, which also 
aggravates the above-mentioned problems resulting from the 
small amount of available space. 
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In order to overcome the disadvantages of known solutions, 
the subject of the invention is an operating unit of the 
type defined above, characterized in that the actuator 
devices are remote from the gearbox and are connected to the 
mechanical operating members by means of elongate mechanical 
transmission means. 

By virtue of this solution, it is possible to produce a 
servo-assisted gearbox the actuator devices of which can be 
remote from the gearbox casing and, for example, outside the 
engine compartment. It is thus possible to produce an 
operating unit which is generally more reliable, both in 
comparison with conventional mechanical gearbox operating 
units and in comparison with known servo-assisted gearbox 
operating units. 

Moreover, the structure of the control unit of the 
invention, which provides for the use of a connection of a 
type similar to that used in conventional mechanical 
gearboxes for connection to the gearbox -operating levers 
disposed on the gearbox casing, enables a servo-assisted 
operating unit to be fitted in vehicles originally provided 
with a purely mechanical gearbox. 

According to a preferred characteristic of the invention, 
the operating unit includes an electronic control unit 
operatively interposed between means for controlling the 
movement of the elongate mechanical transmission elements 
and sensor means which can detect the instantaneous position 
of remote gearshift means, the unit being arranged to 
process the signals coming from the sensor means and to send 
operating signals to the control means in order to bring 
about the movement of the elongate transmission elements in 
a manner such that these elements bring about the engagement 
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of a transmission ratio of the gearbox which corresponds to 
the instantaneous position of the remote gearshift means. 

The control unit according to the invention thus includes a 
purely mechanical portion for interfacing with the gearbox, 
particularly with its mechanical operating members, and a 
portion which includes electronic and electromechanical 
components, and these portions can be disposed in the engine 
compartment and in a passenger compartment of the vehicle, 
respectively. 

The mechanical portion of the unit does not therefore occupy 
space in the engine compartment other than that normally 
occupied by a conventional mechanical operating unit, whilst 
the portion which is housed entirely in the passenger 
compartment, and which is thus less subject to hostile 
working conditions, has the intrinsic advantages of servo- 
assisted control units. In particular, these advantages 
consist of the fact that it is possible to provide a shorter 
and smaller gearshift lever which saves useful space inside 
the passenger compartment of the vehicle and reduces the 
risks to the passengers in the event of an impact . 
Moreover, by virtue of the fact that the gearshift lever is 
more compact , the travels necessary for its movement and the 
loads required to engage the various transmission ratios of 
the gearbox are reduced. 

Moreover, since the gearshift lever does not act on 
mechanical transmission members directly, both the travels 
and the loads of the lever are constant and repeatable since 
the resilient yielding which is typical of mechanical 
operating units, and hence any vibration of elements of the 
system, are completely absent. 
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By virtue of the use of a gearshift lever the position of 
which is monitored by means of sensors, it is also possible 
to provide further positions of the lever in addition to 
those normally provided for mechanical operating units, with 
additional functions, for example, relating to particular 
controls of the gearbox during specific operating conditions 
such as, for example, when the vehicle is parked. 

Further characteristics and advantages of the invention will 
become clearer from the following detailed description, 
provided purely by way of non-limiting example with 
reference to the appended drawings, in which: 

Figure 1 is a general schematic view of an operating unit 
according to the invention, 

Figure 2 is a schematic side elevational view of a 
servomechanism associated with the unit of Figure 1, and 

Figure 3 is an elevational view of the portion indicated by 
the arrow III of Figure 2 . 

With reference initially to Figure 1, a unit according to 
the invention for the servo- assisted operation of a motor- 
vehicle gearbox C is generally indicated 1 . The gearbox C 
comprises a casing B connected, in known manner, to a power 
unit M of the vehicle, both the gearbox C and the power unit 
M being disposed in an engine compartment V of the vehicle. 

A pair of mechanical operating members, for example, 
constituted by selection and engagement levers, 
respectively, {not shown in the drawings) , project from the 
gearbox casing B, also in known manner, their combined 
movement enabling the various transmission ratios of the 
gearbox C to be engaged. 
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A respective push-pull cable 3, 4, that is, a cable 
including a sheath 3b, 4b inside which" a flexible cable 3a, 
4a can slide, is preferably connected to each of these 
levers. The sheath 3b, 4b extends, in particular, between 
two opposed reaction elements one of which is formed, for 
example, by an abutment element 6 fixed to the casing B, 
whilst the other is advantageously constituted by a 
fireproof partition P separating the engine compartment V 
and a passenger compartment A of the motor vehicle. The 
flexible cables 3a, 4a extend through the partition P and 
each is connected to the end of a respective shaft 13 , 14 
which extends from a box 9 mounted in the compartment A in 
the vicinity of the partition P. 

The box 9 houses a pair of servomechanisms , each of which 
includes an electromechanical linear actuator for 
controlling the movement of the respective cable 3 a, 4a, and 
only one of which is shown in Figure 2 , in which it is 
indicated 9a. 

The choice of two distinct actuators for controlling the 
above mentioned mechanical operating members clearly 
constitutes a choice which may be preferable in some 
situations of use but which is certainly not essential for 
the purposes of the implementation of the invention. In 
particular, the invention may be implemented with actuator 
means which may differ in number and type from those 
described and illustrated herein, provided that they are 
capable of controlling the aforesaid operating members in an 
equivalent manner. 

The sliding shaft 13 (14) of the actuator 9a is 
advantageously formed integrally with a screw element 15 
which is arranged coaxially inside a hollow cylindrical 
casing 17 so that its external thread engages an internal 
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thread 19 of the casing 17. The casing 17 has a pair of 
axial openings through which the shaft 13 projects on one 
side and a shaft 13a projects on the opposite side, the 
shafts 13 and 13a being coaxial with one another. The shafts 
13 and 13a have, in particular, the function of guide 
elements for guiding the rectilinear movement of the screw 
element 15 to and fro along the internal cavity of the 
casing 17 as a result of the rotation of the casing 17. 

A set of teeth is formed on the external surface of the 
casing 17 for engagement by a corresponding set of teeth of 
a first gear 25 of a reduction unit 23. The reduction unit 
23 also comprises another gear 27 connected rigidly to the 
gear 25 and mounted coaxially therewith so as to be freely 
rotatable on a shaft 29 parallel to the axis of movement of 
the screw 15 relative to the internal thread 19, the gears 
25 and 27 being fixed for rotation together. The gear 27 in 
turn meshes with a pinion 31 keyed to a drive shaft 33 of an 
electric motor 3 5 the axis of which is parallel to the shaft 
13. The motor 35 is supported by a frame 37 having a pair of 
opposed main walls 37a, 3 7b connected to one another by 
fixing pillars, each wall 37a, 3 7b having a respective 
through-hole 38a, 38b through which the shafts 13 and 13a 
can extend. 

The motor 35 is connected by means of wiring 40 to an 
electronic control unit 41 which in turn is connected by 
means of further wiring 42 to a support unit 44 of a 
gearshift lever L. The lever L may, in particular, be 
movable so as to reach a plurality of positions arranged in 
a grid-like configuration, for example, of the type 
corresponding to that of normal mechanical gearshifts. 

Within the support unit 44 there are sensor means which are 
not shown in detail since they are of known type or are 
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within the capabilities of an expert in the art, and which 
can recognize the reaching, by the lever L, of each of its 
positions corresponding to the engagement of a gear of the 
gearbox C. 

The signals detected by the sensors associated with the 
support unit 44 are therefore transmitted by means of the 
wiring 42 to the electronic control unit 41 which processes 
them and generates corresponding signals for operating the 
actuators 9a. These signals are then transmitted to the 
motors 35 of the respective actuators 9a by means of the 
wiring 40. The reaching of one of the positions for the 
engagement of a transmission ratio by the lever L thus 
results in the engagement of the corresponding gear ratio of 
the gearbox C by means of the actuators in the box 9 . 

The system described above has, in particular, the 
considerable advantage of being easily interchangeable with 
a conventional mechanical gearbox operating unit, even after 
the manufacture of the respective vehicle, by virtue of the 
fact that it does not require any change in the available 
space or the addition of auxiliary systems inside the engine 
compartment. Moreover, the electronic control unit 41 can 
operate independently of the other systems of the vehicle so 
that it does not necessarily have to be interfaced with 
other electronic control units mounted in the vehicle, so 
that the operating unit according to the invention has the 
advantage of being able to operate in an "isolated" 
configuration, as is the case for conventional mechanical 
operating units. The electronic control unit 41 may, in any 
case, be arranged to be connected to any other electronic 
systems in the vehicle, in which case the operation of the 
gearbox operating unit can take account of information 
coming from other systems in the vehicle, in operation, in a 
manner "integrated" with the other systems of the vehicle. 



